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A. V. Parshin, N. N. Romanova and L. B. Ustinova 

b7 
ABSTRACT 

\ 2% 
Two methods of compensation are described for the 

transient characteristics of electrometric amplifiers - 

negative feedback with a compensating filter and positive 

feedback. Both methods make it possible to obtain approx- 

imately the same rise time for the signal at the output. 

The reasons which limit the decrease in the rise time and 

Introduction 

Electrometric amplifiers are usually applied to measure small currents 

which vary slowly with time. The typical values for the input impedance of 

electrometric amplifiers with negative feedback and a large amplification fac- 

tor in the feedback loop are K - R = 10l1 to 10 12 ohm, shunted by a capacity 

/88* L 
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C = 0.2-0.1 pf. In this case the time constant of the input circuit 

7 =-RlC -;- C,in/(l -k K ) ]  = RC cannot be made less than 10 to 200 sec, which corre- 

sponds to a pass bandof 0 to 1-20 cps for the input circuit. Recently, in 

connection with a series of new problems in the field of mass-spectrometry, 

biology and other fields, it has become necessary to measure more rapid proces- 

ses by means of electrometric amplifiers. It becomes necessary to lower z to 

a few milli-seconds, i.e., to increase the band width to several hundred cycles. 

It is not desirable to decrease the time constant by decreasing R because, 

in this case, the sensitivity of the amplifier is lowered. The capacity of 

the input circuit of electrometric amplifiers with negative feedback (even when 

the gain K is very high) cannot be lowered below the natural distributed capac- 

ity of the resistance R. The minimum values of this capacity are 0.1 to 0.2 

pf; therefore, if a further decrease in the time constant of the input circuit 

of electrometric amplifiers is desired,it is necessary to compensate for the 

transient (frequency) characteristics either by using a compensating filter in 

the negative feedback loop  (refs. 1, 2) or by introducing additional positive 

feedback (refs . 3-6). 

1. Compensation in the Negative Feedback Circuit. 

A schematic diagram of an electrometric amplifier with a compensating fil- 

ter in the negative feedback loop (figure l) has been described as early as 

i932 (ref. i). Compensation is achieved by an increase in ampiification as the 

total input impedance is decreased. A s  we can see from figure 1, in the region 

of low frequencies, where 1/0 Ci@R and 1/0 CK>’ RK, the negative feedback is 

almost 100 percent when the gain in the feedback loop is e 1 and the gain with 
the feedback is K’ = -K/(l + K)-- 1. At high frequencies when lb C.(R and sn 
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Figure  1. The p r i n c i p a l  scheme f o r  t h e  compensation 
of an  e l e c t r o m e t r i c  ampl i f i e r  by means of a f i l t e r  
i n  t h e  nega t ive  feedback loop.  

l/oCK-<RKJthe percentage o f  nega t ive  feedback dec reases  and t h e  ga in  K' i n -  

c r eases  i n  abso lu t e  value compensating t h e  decrease  i n  t h e  inpu t  impedance. 

The b a s i c  c h a r a c t e r i s t i c  of a n  e l ec t rome t r i c  a m p l i f i e r  i s  not  t h e  vo l t age  

ga in  b u t  i s  t h e  s e n s i t i v i t y  t o  cur ren t  which i s  equal  t o  t h e  r a t i o  of t h e  o u t -  

pu t  vo l tage  U t o  t h e  i n p u t  c u r r e n t  I. For t h e  network i n  f i g u r e  1 t h e  s e n s i -  

t i v i t y  t o  cu r ren t  i n  t h e  frequency funct ion i s  equal  t o :  

where T~ = R$Ky zZ = R ( C  + Gin), z = RC. 

assumed t h a t  K does n o t  depend on the  frequency i n  t h e  range from 0 t o  1 kc  and 

t h a t  t h e  output  load r e s i s t a n c e  i s  R L < < R .  

I n  d e r i v i n g  t h i s  express ion  it i s  

The express ion  f o r  may be s implif ied s i n c e  w e  can neg lec t  t h e  q u a n t i t i e s  /89 
TK and z compared w i t h  KT. Indeed, u sua l ly  K 5 lo3, C % 0.2 pf and Gin-: 20 c 
.-n 11-. Tn n \ 22, -pfJ tiieli t o  deciyease p . wrlseyut.nb.Ly , KT> 'T or  Eii: > C + C in. 11 bin./> 

i t s  e f f e c t  it i s  necessary t o  increase  K. To provide compensation t h e  condi-  

t i o n  T ~ = v ,  z m u s t  be observed so t h a t  w e  may l e t  T~ + 7- + Kzc Kz and K%-l. 
Y 

Then 
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The t r a n s i e n t  c h a r a c t e r i s t i c  of t he  c i r c u i t  which i s  determined a s  the  

response t o  an inpu t  cu r ren t  which has t h e  form of a u n i t  p u l s e ,  may be obtained 

by t h e  ope ra t iona l  method if we replace j w by p and f by Io/p:  

The t r a n s i e n t  process  c o n s i s t s  of t he  sum of two exponents (fast  and slow) wi th  

a t i m e  cons tan t  T, ==: T If t h e  t i m e  cons tan t  of t h e  com- 

pensa t ing  network i s  made equal  t o  the  t ime cons tan t  of t h e  inpu t  c i r c u i t  wi th-  

ou t  Compensation, then t h e  second term i n  t h e  expression f o r  

t o  zero  and 

T /KT<T and T ~ =  T. - K  

p ( t )  becomes equa l  

P’(l)  = R (1 - e-). 

Consequently, when T~ =  the t r a n s i e n t  c h a r a c t e r i s t i c  of t h e  compensated ampli-  

f i e r  r e p r e s e n t s  an exponent ia l  curve wi th  a small t ime cons tan t  

* 
It i s  obvious t h a t  a s  K becomes l a rge r ,  T, becomes smaller ;  however, t h e  i n -  

c r ease  i n  K i s  l imi t ed  by t h e  frequency range wi th in  which K i s  almostindependent 

of t h e  frequency. 

z,=uy 0.2 m i l l i - s e e ,  

of t h e  frequency,while o u t s i d e  i t s  l i m i t s  t h e  r a t e  of d rop  of t h e  frequency 

c h a r a c t e r i s t i c  K ( 0 )  m u s t  be not  more than  6 db per  oc tave .  

t h e  equ iva len t  input  capac i ty  of t h e  a m p l i f i e r  i n  t h i s  example i s  n e g l i g i b l y  

s m a l l :  ceqUi = T3-1 = 2.10-4/1011 = 0.002 pf.  

For example, f o r  K = lo4, R = lo1’ ohm and Cin + C = 20 p f ,  
* 

1 / 2 ~ ~ : -  800 cps.  I n  t h i s  band, K m u s t  be independent 0.7 = 

We should note  t h a t  
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The experimental  i n v e s t i g a t i o n  of compensation was c a r r i e d  o u t  w i t h  a 

bread-board model of  t h e  e l ec t rome t r i c  a m p l i f i e r  us ing  subminiature  vacuum 

tubes  w i t h  100 percent  nega t ive  feedback and a ga in  of K = TOO i n  t h e  feedback 

loop. 

i npu t  capac i ty  of t h e  ampl i f i e r  without feedback was Cin = 5.5  p f .  

conducted us ing  d i f f e r e n t  va lues  and d i f f e r e n t  t ypes  of h igh  megohm r e s i s t a n c e s  

R i n  t h e  feedback loop. The experimental  s e tup  i s  shown i n  f i g u r e  2. Saw- 

t o o t h  o s c i l l a t i o n s  from a gene ra to r  with low output  impedance and good l i n e a r i t y  

were f e d  t o  t h e  i n p u t  of t h e  ampl i f ie r  through a small capac i ty  C o Z 0 . 5  pf  

w i t h  an  a i r  d i e l e c t r i c .  Due t o  t h e  d i f f e r e n t i a t i o n  of t h e  saw-tooth vo l t age  by 

t h e  network R/(1 + K) - Co t h e  cur ren t  I i n  t h e  i n p u t  c i r c u i t  was of a s t r i c t l y  

r e c t a n g u l a r  shape ( t h e  e r r o r  i n  d i f f e r e n t i a t i o n  w a s  C o / C ( l  + K ) - T  1 p e r c e n t ) .  

The ou tpu t  vo l tage  w a s  observed by means of a D .  C .  o sc i l l o scope .  

of t h e  i n p u t  saw-tooth vo l t age  could be var ied  from 0.01 t o  100 cps,  which made 

it p o s s i b l e  t o  observe i n  d e t a i l  t h e  f r o n t  as w e l l  as t h e  f l a t  p a r t  of t h e  

t r a n s i e n t  process .  I n  a d d i t i o n  t o  t h e  t r a n s i e n t  c h a r a c t e r i s t i c s ,  t h e  f requency 

c h a r a c t e r i s t i c s  of t h e  a m p l i f i e r  were a l s o  recorded by feeding  a s i n u s o i d a l  

c u r r e n t  t o  t h e  inpu t  i n  t h e  frequency range 0 . 1  t o  100 cps.  

c u r r e n t  w a s  determined from t h e  known capac i ty  by us ing  t h e  express ion  

E I j o C , i .  

Th i s  ga in  w a s  independent of frequency up t o  approximately 500 cps.  The 

Tests were 

The frequency 

The va lue  of t h e  
- 0 '  

'11 = 

Figure 2. 

t h e  t r a n s i e n t  processes i n  e l e c t r o m e t r i c  ampli-  

f i e r s  w i th  compensation. 

A schematic diagram f o r  i n v e s t i g a t i n g  



The results of the test are shown on table 1. Figure 3 shows the most 

characteristic form for the oscillogram of the transient process. From figure 

3a we can see that the transient characteristic when we maintained design con- 

dition for compensation T~ = T is distorted. 

istic becomes more smooth; however, in this case the rise time increases. When 

T~ = (0 .5 -0 .4 )~  (figure 3b), the characteristic does not have an inflexion,while 

the rise time,which is determined as the time during which the voltage achieves 

e-1 a value of 0.63 Um, (Utfront = Urnax 

a factor of approximately 1.3. Table 1 shows the minimum rise time for the 

characteristic without inflexion. From Table 1 it follows that: 

By decreasing z the character- K 

) , increases compared with figure 3a by /90 

1. The natural capacity of the feedback loop C depends on the type of 

high megohm resistance. 

twice as small; 

For resistances KLM C"-0 .2  pf, while for KVM it is 

2. The rise time of the output voltage in the presence of compensation 

also depends on the type of resistance. 

values R - 1 0 l 2  ohm the values of tfront differ by a factor of 1.4; 

For example,for two almost identical 

U M N  w, & x wqL L x Wqk L 
r , I I I ! 

Figure 3. Experimental (solid lines) and design (broken lines) 

curves for the transient processes 

fier for various perameters of the 

in the electrometric ampli- 

compensation network. 
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turns out to be greater front 3. For all resistances R the rise time t 

than the computed time constant T BY A FACTOR OF 5 TO 6 . If the condition for 
compensation zK = ‘I: were observed, tfront would decrease only by a factor of 

(r 

1.5 to 2. 

One of the possible reasons for the discrepancy between design values and 

experimental values is that the capacity of the feedback loop C is not lumped 

but is distributed. 

the capacity of the feedback loop be increased by placing a special lumped 

capacity of approximately 1 to 2 pf,  parallel to the resistance R. 

detailed investigations have shown that it is undesirable to increase the capac- 

ity C. In the first place when we increase C the input impedance of the ampli- 

fier is decreased in the region of high frequencies which leads to a deterio- 

ration of the signal-to-noise ratio. In the second place when the compensation 

condition zK = z is not closely observed a small but very slowly damped com- 

ponent l-e-t/TM appears in the transient process. 

the greater is ‘1:~9 z. 

increased value of the capacity C has shown that even with the most careful 

selection of the quantity ‘I:~ the transient characteristics always have a 

noticeable slowly rising region (figure 4). The condition zK = z cannot be 

satisfied precisely since the transient process in the amplifier without com- 

pensation is not exponential (figure 5 ) .  Consequently T = RC is not a constant 

quantity. The deviation of the transient characteristic of the amplifier from 

an exponential form is associated with the fact that the simple equivalent 

scheme for the input circuit does not correspond to the true scheme. 

son for this is not only in the distributive nature of the capacity in the 

To decrease its effect Pelchowitch (ref. 1) proposed that 

However, 

The greater the capacity C , 
The experimental verification of compensation with an 

The rea- 
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Figure 4. 

process with delayed rise at the end. 

The characteristic form of the transient 

Figure 5. Experimental (solid line) and design 

(broken line) curves for the transient processes 

in an amplifier without compensation. 

feedback network C, but also depends on the time of distribution of the volume 

charge in the dielectric of the ceramic forms and glass shells of high megohm 

resistances. 

The shape of the transient characteristic of the amplifier with compensa- 

tion in the negative feedback loop may be improved substantially without in- 

creasing the capacity in the feedback loop. 

to introduce another compensation parameter into the scheme - the maximum 

capacity CD which shunts the resistance RK. The compensation scheme with 

additional capacity is shown on figure 6. 

as a function of frequency for the scheme with additional capacity has the 

For this purpose it is necessary 

The variation of current sensitivity 

9 



following form: 

1 
D 

where T ’  = z + T ~ ,  ~i = T~ + T~~ ‘rD = RKCD. 

ture and the same order of the polynomial in the denominator as the scheme 

without 5 but has other values of coefficients for j w  and -3. 
j w  with p and setting the denominator 2 (p)  equal to zero, we obtain the 

This expression has the same struc- 

By replacing 

characteristic equation of the scheme 

The time constants of the two exponents which comprise the transient character- 

istic are associated with the roots of the characteristic equation by the well- 

known relationships: 2 ’  = -pi1 ? = -p-;. 
(5 

During the experimental verification of the scheme the values of CD which 

were measured provide for the best form of the transient characteristics for 

the minimum tfront (figure 3c). From the known parameters of the scheme the 

values of the coefficients of the characteristic equation were computed and 

its roots were determined. By comparing the coefficients of the characteristic 

equation for a scheme with and without the additional capacity,it was shown 

I U 

Figure 6. The schematic diagram of the compensating 

network with additional capacity CD. 
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t h a t  when CD was introduced,  t h e  roo t  p2 and t h e  r e c r i p r o c a l  q u a n t i t y  zM r e -  

mained almost unchanged. The o t h e r  roo t  p1 decreases and t h e  t i m e  cons t an t  z, 

i n c r e a s e s  by a f a c t o r  of approximately 1.5. I n  t h i s  case  t h e r e  i s  a l s o  an  i n -  

c r ease  i n  t h e  r ise  t i m e  tfront which i s  measured a t  t h e  l e v e l  0.63 Urnax. 

i nc rease  i n  tfront may be compensated by an inc rease  i n  CK and a corresponding 

one i n  T~ which no longer  d i s t o r t s  the form of t h e  t r a n s i e n t  process  when CD i s  

p re sen t .  

t h e  same r i s e  t i m e  t h a t  w e  have when % i s  absent  b u t  w i t h  a monotonic 

t r a n s i e n t  c h a r a c t e r i s t i c  wi thout  t h e  slow rise time. The va lues  tfront f o r  

two va lues  of R were obtained a f t e r  the  i n t r o d u c t i o n  of  a d d i t i o n a l  c a p a c i t y  

i n t o  t h e  scheme as shown on Table 1. By comparing t h e  forms of  t h e  t r a n s i e n t  

c h a r a c t e r i s t i c s  w i t h  CD and without  it ( f i g u r e  3c and d )  w e  see t h a t  t h e  addi -  

t i o n a l  capac i ty  inc reases  t h e  r ise  t i m e  of t h e  output  vo l t age  compared w i t h  

t h e  i d e a l  exponent ia l  curve f o r  t>tfront. Without CD f o r  t>tfront, on t h e  

o t h e r  hand, w e  observe a decrease  i n  t h e  r ise t i m e  compared w i t h  t h e  i d e a l  ex- 

ponent curve.  The improvement i n  the  form of t h e  t r a n s i e n t  c h a r a c t e r i s t i c s  

occurs  because t h e  low percentage feedback which i s  r e t a i n e d  due t o  capac i ty  

CD t u r n s  o u t  t o  be p o s i t i v e .  

parameters  CK and %,which i s  described by an equat ion  of t h e  second order ,pro-  

v ides  f o r  a more accu ra t e  compensation of t h e  t r u e  scheme t h a n  t h e  scheme wi th  

one parameter CK which,under t h e  condi t ion  TK = z , i s  descr ibed  by an equat ion  

of t h e  f i r s t  order .  

The 

By s e l e c t i n g  t h e  values  of c a p a c i t i e s  CK and C,, w e  may o b t a i n  almost 

/92 

A schematic w i t h  two independent compensation 

I n  t h e  p r a c t i c a l  r e a l i z a t i o n  of t h e  compensation scheme a s u b s t a n t i a l  r o l e  

i s  played by t h e  manner of  packaging. 

through d i s t r i b u t e d  c a p a c i t i e s  t h e  feedback network m u s t  be  w e l l  sh ie lded .  

The a m p l i f i e r  m u s t  be  designed and constructed i n  such a way as t o  provide f o r  

To decrease  t h e  p a r a s i t i c  feedback 

11 



a l a r g e  va lue  of t h e  bandwidth-frequency product  K f c  i n  t h e  feedback loop. 

q u a l i t y  of  compensation a l s o  depends on t h e  type  of  h igh  megohm r e s i s t a n c e .  

w e  can see from Table 1 , r e s i s t a n c e s  KVM are b e t t e r  t han  KLM. 

The 

A s  

The compensation scheme wi th  a d d i t i o n a l  capac i ty  w a s  checked out  n o t  on ly  

on t h e  bread-board b u t  was used i n  models of wide-band e l e c t r o m e t r i c  a m p l i f i e r s  

cons t ruc ted  f o r  experimental  purposes. The resul ts  which have been descr ibed  

above were reproducib le .  The b a s i c  c h a r a c t e r i s t i c s  of  a c a r e f u l l y  cons t ruc ted  

sample w i t h  a ga in  of K = 500 and a l i m i t i n g  frequency of 1500 cps ope ra t ing  

w i t h  a r e s i s t a n c e  R = 

shown i n  t h e  l a s t  l i n e  of T a b l e  1. 

was achieved and an  upper l i m i t i n g  frequency of fo  

ohm and an  i n p u t  capac i tance  of  Gin% 10 pf are 

A r i se  t i m e  of tfront = 1.7 mil l i s econds  

= 150 cps.  The equ iva len t  

capac i ty  of t h e  input  c i r c u i t  i n  t h i s  case  i s  equal  t o  C e z  tfront /R = 0.015 

pf,  wh i l e  t h e  des ign  i n p u t  capac i ty  i s  (Cin + C ) / K  = T:/R = 0.022 pf .  

sample a f u r t h e r  decrease  i n  tfront is  l i m i t e d  by t h e  va lue  of K. 

t i o n  of a d d i t i o n a l  capac i ty  not  only provided f o r  a good form of  t h e  t r a n s i e n t  

c h a r a c t e r i s t i c  b u t  a l s o  made it possible t o  s l i g h t l y  decrease  t h e  r i s e  t i m e .  

I n  t h i s  

An in t roduc -  

2. Compensation by Means of P o s i t i v e  Feedback. 

The p r i n c i p a l  scheme of compensation i s  shown i n  f i g u r e  7. The a d d i t i o n a l  

p o s i t i v e  feedback i s  provided through t h e  c a p a c i t y  C, = 0.1 - 0.5 pf t o  t h e  

i n p u t  a t  t h e  same p o i n t  where we feed t h e  p r i n c i p a l  nega t ive  feedback. 

t h e  phase of the output  vo l t age  U and t o  c o n t r o l  the percentage or p o s i t i v e  

feedback t h e  l a t t e r  i s  taken  from the output  through a pass ive  or a c t i v e  p- 

network (usua l ly  f3 -==I 1). 

form of a p la te - fo l lower  or a small  r e s i s t a n c e  i n  t h e  cathode or emitter of  

t h e  f i n a l  s t a g e  w i t h  a p l a t e  or c o l l e c t o r  load .  

To vary 

I n  p rac t i ce ,  @-network may be r e a l i z e d ,  e .g . ,  i n  t h e  

The o t h e r  elements of  t h e  

12 
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Figure  7. The p r i n c i p a l  scheme of com- 

pensa t ion  by using p o s i t i v e  feedback. 

scheme i n  f i g u r e  7 are t h e  same a s  shown i n  f i g u r e  1 i f  w e  remove t h e  com- 

pensa t ing  f i l t e r  from t h e  la t ter .  

The frequency c h a r a c t e r i s t i c  of t h e  c u r r e n t  s e n s i t i v i t y  f o r  t h e  scheme i n  

f i g u r e  7 i s  given by t h e  expression:  

where 

The t r a n s i e n t  c h a r a c t e r i s t i c  of t h e  scheme is:  

p ( t )  = u ( t ) /& = R-( 1 -&p [- t / (s ,  - ZJ]).! 

Due t o  p o s i t i v e  feedback t h e  equiva len t  capac i ty  of  t h e  i n p u t  c i r c u i t  

Cequi : .XC + K-I (Gin + C+) -gC+ may be  p o s i t i v e  as w e l l  as negat ive .  

CeqUi-<O t h e  scheme becomes unstable .  

If 

The experimental  i n v e s t i g a t i o n  of t h e  c i r c u i t  c a r r i e d  ou t  on t h e  same bread 

board us ing  t h e  same r e s i s t a n c e s  R as i n  t h e  case of compensation i n  t h e  

13 



negative feedback loop, showed that the transient process in this case is not 

described by one exponential curve. As we see from figure 8 (which shows the 

oscillograms of the transient process), with a small amount of feedback, the 

transient characteristic is monotonic (figure 8a). As the amount of positive 

feedback is increased, damped natural oscillations occur (figure 8b) which are 

characteristic for networks described by equations of second or higher order. 

As the feedback is increased,further oscillations occur whose form is close to 

sinusoidal. As in the case of compensation according to ref. 1, all these 

phenomena are associated with the fact that the true schematic of the input 

circuit without compensation is not described with sufficient accuracy by the 

simple equivalent scheme and the equation of first order. 

Table 2 shows the results of testing the compensation produced by positive 

feedback. The capacity for positive feedback for all values of R was the same: 

C, = 0.13 pf. 

computed from the parameters of the scheme turns out to be close to the meas- 

ured rise time (tfront/Tequi = 1.8-1.2), the effect of compensation is small 

(with resistances KLM tfront with compensation less than the noncompensated T 

only by 23 to 30 percent). 

Although the time constant with compensation T~~~~ = T ~ -  T+ 

Compensation is not very effective because the 

Figure 8. 

process in the scheme of figure 7 with 

various amounts of positive feedback. 

The forms of the transient 

14 
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amount of p o s i t i v e  feedback i s  small whi le  a f u r t h e r  i nc rease  i n  p causes  t h e  

form of t h e  t r a n s i e n t  process  curve t o  become h igh ly  d i s t o r t e d .  

To inc rease  t h e  e f f e c t i v e n e s s  of compensation an  a d d i t i o n a l  compensation 

parameter was introduced i n t o  t h e  scheme--a small capac i ty  CD shunt ing t h e  o u t -  

put  r e s i s t a n c e  RD of t h e  B-network ( f igu re  7).  

r e s i s t a n c e  RD a t  high f requencies  decreases  t h e  amount o f  p o s i t i v e  feedback 

and s l i g h t l y  s h i f t s  i t s  phase. The equat ion which d e s c r i b e s  t h e  scheme w i t h  

CD i s  of second o rde r ;  

This  capac i ty  which shunts  t h e  

where T~ = RDCD. 

and % which, i f  proper ly  se l ec t ed ,  make it poss ib l e  t o  o b t a i n  a good form f o r  

t h e  t r a n s i e n t  c h a r a c t e r i s t i c  ( f i g u r e  8c)  w i t h  a small r ise t i m e .  

column of  Table  2 w e  show t h a t  when CD i s  introduced it i s  p o s s i b l e  t o  inc rease  

t h e  e f f e c t i v e  compensation T / t f r o n t  from 1.25 t o  5-6. 

It conta ins  two independent compensation parameters B (or C+)  

I n  t h e  l a s t  

Conclusions 

A comparison of quant t i e s  tfront presented i n  T s , l e s  1 and 2 shows t h a t  

bo th  methods of compensation produce almost t h e  same r e s u l t s  when we apply  addi -  

t i o n a l  c a p a c i t i e s .  This  conforms with t h e  e s t a b l i s h e d  r u l e , s i n c e  t h e  e f f e c t i v e -  

ness  of compensation depends n o t  on iEie type  oi scheme but UII t h e  o r d e r  OT ihe  

equat ion  which d e s c r i b e s  it and on the al lowable number of independent com- 

pensa t ion  parameters ,  

The decrease  i n  t h e  r ise t i m e  i s  l i m i t e d  by t h e  fo l lowing:  i n  the  f i r s t  

/94 p lace  by t h e  va lue  of t h e  ga in  i n  the feedback loop K and i t s  dependency on 

frequency; i n  t h e  second p lace  on the p a r a s i t i c  feedback loops; i n  t h e  t h i r d  

16 
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p lace  on t h e  non-exponential  charging-discharging processes  i n  t h e  d i s t r i b u t e d  

capac i ty  of r e s i s t a n c e  R.  

obtained wi th  r e s i s t a n c e s  of var ious  types po in t s  t o  t h e  n e c e s s i t y  of a f u r t h e r  

improvement i n  t h e  cons t ruc t ion  and production methods f o r  high megohm 

r e s i s t a n c e s .  

The not iceable  d i f f e rence  i n  t h e  q u a n t i t i e s  tfront, 

I n  the  inves t iga t ed  a m p l i f i e r s  we obtained a minimum r i s e  time of t f r o n t  = 

1.5 m i l l i - s e c  for R = 

c rease  i n  tfront w a s  l imi t ed  by t h e  small value K = 500. 

t h e r e  a r e  d e s c r i p t i o n s  of a m p l i f i e r s  wi th  compensation i n  which by inc reas ing  

K t o  lo4  - 5.103 t h e  equiva len t  input  capac i ty  Cequi of t h e  c i r c u i t  w a s  de-  

creased t o  0.002 pf (ref. 2)  and 0.006 pf ( r e f .  6 ) .  

depends on t h e  na tu re  of t h e  d i s t r i b u t e d  capac i ty  of r e s i s t a n c e  R .  

ohm which corresponds t o  Cequi= 0.015 p f .  The de-  

I n  t h e  l i terature  

Apparently t h i s  l i m i t  
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